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ABSTRACT 

PURPOSE: To obtain the high speed responsible effect of a liquid crystal 
molecule by forming a transparent electrode having two layer structures on 
a pair of glass substrates respectively to form an electric field in a 
horizontal direction, and by using the liquid crystal molecule having a 
permanent dipole moment which is perpendicular to a long molecular 
direction, 

CONSTITUTION: The 1st transparent electrode 2 and the 1st insulating film 3 
are formed on the glass substrate 1 respectively. The 1st transparent 
electrode 2 and the 1st insulating film 3 are formed on the glass substrate 
(B) 11 respectively in the same manner as in the glass substrate (A) 1. The 
2nd transparent electrode 4 having 100.mu.m of the electrode width is 
formed on the glass substrate (B) 11 so as to put in parallel two dependent 



electrodes at 200.mu.m away with each other. The liquid crystal 6 is 
composed of a ferroelectricitic liquid crystal having the permanent dipole 
moment 7 perpendicular to a longitudinal direction of the molecular axis of 
the liquid crystal. At first, the permanent dipole moment of the liquid 
crystal is received the torque having the direction of 90 deg. angle due to 
the electric field in the horizontal direction which generates by 
impressing an electric voltage between the 2nd transparent electrodes. 
Secondly the direction of the molecular orientation also changes responsing 
again to the electric field in the direction of from the glass substrate 
(B) 11 to the glass substrate (A) 1. Thus, the torque of the liquid crystal 
molecule is enlarge, thereby enabling to be responsed the liquid crystal 
with more high speed. 
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20 Description 

1. Title of the Invention 

liquid Crystal Driving Device 

2. Scope of Claim 

(1) A liquid crystal driving device characterized by comprising: 
25 a fkst transparent electrode formed over one of a pair of glass substrates; 

a first insulating film formed over the first transparent electrode; 

a second transparent electrode formed over the first insulating film; 

a second insulating film formed over the second transparent electrode; 

the first transparent electrode and the first insulating film formed over the other glass 
30 substrate, 
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English Translation of JP 62-194231 
wherein a liquid crystal molecule whose permanent dipole moment is vertical to a major 
molecular axis of the liquid crystal molecule is interposed between the pair of glass substrates. 
3. Detailed Description of the Invention 
[Industrial Field of the Invention] 
5 The present invention relates to a liquid crystal driving device used for a display 

element or the like, 
[Summary of the Invention] 

The present invention is a liquid crystal driving device used for a display element or the 
like, in which a transverse electric field is generated with respect to glass substrates; a 
10 transparent electrode over one glass substrate is formed to have a two-layer structure; a liquid 
crystal molecule whose permanent dipole moment is vertical to the major molecular direction is 
used. Therefore, effect of high speed response of the liquid crystal molecule can be achieved. 
[Prior Art] 

Conventionally, many suggestions relating to a structure of a liquid crystal display 

15 device have been proposed to improve the structure. 

For example, a liquid crystal driving device as shown in FIG. 2 is suggested in Mol. 
Gyst. Liq. Cryst., 1983, vol. 94 PP. 213-234, in which transparent electrodes 8 are evaporated 
over glass substrates 12, liquid crystal is interposed parallel to the two glass substrates having 
insulating films 9 over the transparent electrodes 8, and an electric field is generated vertical to 

20 the glass substrates by applying voltage to the pair of transparent electrodes 8 formed over the 
glass substrates to change an orientation direction of a liquid crystal molecule. 
[Problem to be Solved by the Invention] 

However, in the above described conventional technique, the transparent electrodes 
evaporated over the glass substrates for applying an electric field are each formed in a single 

25 layer structure, an electric field perpendicular to the glass substrate, that is, an electric field is 
applied in 180° direction with respect to the permanent dipole moment for liquid crystal 
molecule which has a permanent dipole moment perpendicular to molecular axis, and it is 
necessary to increase an applied electric field or to develop a liquid crystal material with 
increased permanent dipole moment in order to improve responsibility of a liquid crystal 

30 molecule. 
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English Translation of JP 62-194231 
The present invention is to solve the above problem of the liquid crystal driving device, 
and it is an object of the present invention to provide a liquid crystal driving device with higher 
speed response of a liquid crystal molecule and higher performance. 
[Means for Solving the Problem] 
5 In order to solve the above problem, a liquid crystal driving device of the present 

invention is characterized by comprising: a first transparent electrode formed over one of a pair 
of glass substrates; a first insulating film formed over the transparent electrode; a second 
transparent electrode formed over the insulating film; a second insulating film; the first 
transparent electrode and the first insulating film formed over the other glass substrate, wherein a 
10 liquid crystal molecule whose permanent dipole moment is vertical to a major molecular axis of 
the liquid crystal molecule is interposed between the glass substrates. 
[Embodiment] 

FIG 1 shows a cross-sectional view of a liquid crystal driving device according to an 
embodiment of the present invention. 

15 First, as a first transparent 2, for example, an indium oxide film (an 1TO film) is 

evaporated over a glass substrate (A)l in approximately 300 A thick. Further, as a first 
insulating film 3, for example, polyvinyl alcohol (PVA) is formed thereover in approximately 
500 A thick. Next, the same method as used in the glass substrate (A)l is used to form up to 
the first insulating film 3 over a glass substrate (B)ll, too. Furthermore, as a second 

20 transparent electrode 4, for example, an indium oxide film is evaporated thereover in 
approximately 300 A thick. In the second transparent electrode 4, two independent electrodes 
each width of which is 100 urn are formed 200 yxa away from each other and parallel to each 
other. The above electrodes can be obtained by using various etching techniques. Next, a 
second insulating film 5 is formed thereover in approximately 500 A thick. Then, liquid crystal 

25 6 is interposed by using these two glass substrates and a spacer 10. Liquid crystal whose 
permanent dipole moment 7 is vertical to the direction of a major molecular axis of a liquid 
crystal molecule, that is, ferroelectric liquid crystal, is used as this liquid crystal 6. 
Ferroelectric liquid crystal being developed now shows a chiral smectic C phase in smectic 
liquid crystal. In order to orient the liquid crystal molecule parallel to the glass substrates, the 

30 space between the substrates is maintained approximately for 1 urn, for example, in the case of 
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English Translation of JP 62-194231 
using P-decyloxybenzyliben P'-amino 2 methyl butyl cinnamate. In addition, the liquid crystal 
molecule is oriented parallel to a length direction of the second transparent electrode (vertical to 
the paper). This is realized by performing rubbing treatment or the like to the glass substrates. 
In such a liquid crystal cell, first, voltage is applied between the two electrodes in the 
5 second transparent electrode 4 to generate an electric field transverse to the glass substrates. 
Subsequently, an electric field is applied from the first transparent electrode 2 of the glass 
substrate (B)ll to the first transparent electrode 2 of the glass substrate (A)l side by applying 
voltage between the both electrodes (this is referred to as a longitudinal electric field; note that, a 
transverse electric field is not applied while a longitudinal electric field is applied). 

10 In the above described embodiment, the permanent dipole of the liquid crystal molecule 

generates torque of 90° direction due to the transverse electric field generated by applying 
voltage between the two electrodes in the second transparent electrode; thus, the direction of the 
permanent dipole is changed to the direction of the electric field. In other words, the molecule 
orientation direction is also changed. Then, the permanent dipole of the liquid crystal molecule 

15 responds again by the next generated electric field from the glass substrate (B)ll to the glass 
substrate (A)l direction; therefore, the molecule orientation direction is also changed. 

Torque of a liquid crystal molecule is increased by making the liquid crystal molecule 
respond as described above more than by using a conventional method of applying an electric 
field between the glass substrates 12; thus, the liquid crystal molecule can response more rapidly. 

20 Further, as shown in FIG 3, a plurality of second transparent electrodes 4 is provided, 

each space between the second transparent electrodes is connected with a resistor, and voltage is 
applied between the second transparent electrodes placed at the both edges in order to obtain a 
transverse electric field with low voltage and in a wide range. Therefore, the liquid crystal 
driving device can be applied to a display element or the like because the transverse electric field 

25 can be obtained in a wide range, 
[Effect of the Invention] 

As described above, in the present invention, increased rotational torque can be realized 
in a liquid crystal molecule by a structure having a second transparent electrode. Therefore, 
response speed of the liquid crystal molecule becomes rapider than that with a conventional 

30 method. 
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4. Brief Description of Drawings 

FIG 1 and FIG 3 each are a cross-sectional view of a liquid crystal driving device 
showing one embodiment of the present invention. 

FIG 2 is a cross-sectional view of a conventional liquid crystal driving device. 
5 1. glass substrate (A) 

2. first transparent electrode 

3. first insulating film 

4, second transparent electrode 

5, second insulating film 
10 6. liquid crystal 

7. permanent dipole moment of a liquid crystal molecule 

8. transparent electrode 

9. insulating film 

10. spacer 

15 11. glass substrate (B) 
12. glass substrate 

Applicant: SEIKO EPSON CORPORATION 
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